Introduction
The observation of the X-ray sky from balloons, rockets, and satellites has led to the discovery of more than 100 Xray sources.
1 Optical and radio identifications have been made for about a dozen of these.
2 " 12 A few X-ray sources are of extra-galactic origin, 13 but the majority are objects in the Galaxy.
Many of the galactic X-ray sources are variable. Some are X-ray pulsars 14 " 18 with periods in the range 30 ms to 10 s. Some are members of eclipsing binary systems. 15 " 21 Other variable X-ray sources are irregular, showing flares and flickering.
22 "
24
The observational evidence to date lends confirmation to the theories that associate the production of X-ray emission with collapsed objects such as neutron stars and black holes (space-time singularities). For a description of the unusual properties of the black hole see Ruffini and Wheeler. 25 The structure of a neutron star depends upon the strong interaction potential and the spectrum of hyperon states. The structure of a black hole is unknown, and the understanding of its structure awaits a quantum theory of gravity. Thus, the galactic X-ray sources present us with the opportunity to study objects whose structure is determined by forces that lie beyond the frontiers of today's physics.
However, there is a critical structure parameter, which we may determine from observations, that separates the neutron star from the black hole. This parameter is the total mass of the collapsed object, for there exists an upper limit to the mass of a neutron star (or any other object) that is stable against gravitational collapse to a black hole.
The occurrence of X-ray sources in binary systems allows (in favourable cases) the mass of the X-ray source to be determined. Since black holes can not sustain pulsations, 26 the nature of the time variations in the radiation from the X-ray sources can be used to rule out some sources as possible black holes. At present, we know of six X-ray sources in binary systems. Two of these are X-ray pulsars. As expected, the pulsar X-ray sources (neutron stars) have masses that are lower than those of the others. 6 ' 27 " 31 Thus, we already have from observations that M crit > l.3M @ .
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In the following section we examine the reasons for the existence of a critical mass that can be stable against gravitational collapse. This is followed with a discussion of X-ray production by a young neutron star, by a pulsar, and by a collapsed object accreting matter from the interstellar medium, or from a companion in a binary star system. neutron stars, and why no further hyperon stars can exist. To do this, we shall examine the total energy of a collection of TV particles. The-total energy E will be the sum of the mass-energy e and the potential energy J2, thus e + Q,
0)
The potential energy is equal to the work required to construct the object by adding bits of mass in the presence of the gravitational field of the mass already present. For the bit of mass dm added at radius r, the contribution to the potential is d£2, given by
We will estimate the potential by considering a sphere of average density p. Then we have and
The potential energy is obtained by integrating equation 2 after substituting equations 3 and 4. We obtain
where M=^ npR 3 = Nm, and m is the mass of a single particle.
The mass-energy is given by,
where p is the particle's momentum. The momentum of the particle will be inversely related to the size of the cell in which it is confined. Thus,
where S. is the size of the cell. Since TV is the number of particles, we have
and R = N 3 Z.
We will write £ in terms of the fraction/of the compton wavelength of the particle,
Substituting equation 9 in equations 7 and 8 we obtain,
and
For the white dwarf, the pressure support is provided by degenerate electrons, while the mass is provided by the baryons associated with each electron -a proton in the case of pure hydrogen and a proton and a neutron in the case of helium or iron. The total energy is given by the mass-energy for the electron, the rest mass of the associated baryons, and the gravitational potential for the associated baryonsIn equation 12 we use equations 6 and 10 for e e and equation 11 for R to obtain 
where *-!£<** Now examine the behaviour of equation 14 at large and small/. At large/ the total energy is just the rest massenergy m h /m e + 1. As/decreases, the total energy decreases due to the potential energy term TJ//, and energy can be withdrawn from the system. At very small /we have l// 2^> 1 so ( l / / 2 + l)' / j~ (l// 2 )' / 2 ~ l//and the total energy goes to the value 1 -TJ as /goes to zero. For TJ < 1 there is a minimum in the total energy and the system is stable. For 17 > 1 there is no minimum in the total energy, and energy can be withdrawn as the object collapses until the total energy goes to zero. We can estimate the limiting mass stabilized against collapse by electron pressure from equation 15 
Using equations 6 and 10 for e , and equation 11 for R, in equation 16, we obtain
where
( 18) and m is the mass of the neutron. Now examine the behaviour of equation 17 at large and small/. At large/ the total energy is again just the rest mass-energy E^sINmc 2 = 1. As/decreases the total energy decreases as before due to the potential energy term TJ//, and energy can be withdrawn from the system. For 17 < Tj crit , a minimum in the total energy is reached a t / = I/17 and the system is stable. Further compression to smaller/raises the total energy as compression energy is supplied. However, if compressed enough, the TJ// 3 term in the potential energy takes over and the total energy declines, energy can be withdrawn and the system collapses. What has happened is that the compression adds to the mass-energy, and when the mass-energy of the motion of the particle is greater than the particle rest mass, the gravitational force due to the mass-energy of particle motion increases faster than the pressure supplied by the particle motion. If TJ > T7 crit then the gravitational force always increases faster than the pressure force. If TJ < T7 crit the system can be stable, but if squeezed enough, it will collapse. Note that (equation 18) TJ ~ m 2 N h. Forming hyperons of higher mass increases m, which increases, TJ, moving TJ closer to Tj cr ; t and the system becomes less stable. Thus, there exists a critical number of baryons, and if a system contains more than this, it must collapse. The limiting mass for a neutron star can be estimated from equation 18 by setting TJ = T? crit = 0.256 and solving for the number of neutrons N. We obtain mN= 0.55 M 0 . A more careful analyses yields 0.712 M e for an ideal neutron gas, 34 and values up to ~ 2 M 0 when the strong interaction potential and hyperons are included. 27 ' 33 ' 35 ' 36 This can be increased only about 10-20 per cent by rotation.
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Thus stars greater than ~2M e will eventually collapse to black holes unless they can shed enough of their mass.
Neutron Stars and Pulsars
When the electron pressure reaches the point where the electron kinetic energy is greater than 0.783 Mev the reaction
occurs. This reaction will proceed rapidly and the pressure support for the interior of the star will disappear. For a 1 M @ He or Fe core, about 0.75 x 10 51 ergs is required to convert all the remaining protons to neutrons. This is about 1/10 of the energy released by nuclear burning. It is supplied by the gravitational energy from the collapsegray 3 GM? ~ 1.6 xl0 5 3 ergs, 40 Neutrino cooling to 10 9 K takes ~ 1 day, and photon cooling dominates after ~ 10 s years when the temperature has dropped to ~ 10 6 K. The high luminosity phase,/-~ 10 38 ergs/sec at T~ 10 7 K lasts less thanayear.
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Transient X-ray sources with behaviour similar to that expected from a young neutron star have been observed. Cen X-4 appeared in July 1969, as bright as the X-ray Sun. In mid August it had declined to Vi of its original brightness, and it faded in September, disappearing on 24 September. Data on the X-ray spectrum are consistent with a thermal source that cooled quickly to 10 7 K, followed by a short isothermal phase before fading away. 42 -44 A new transient source appeared between March and August 1971 as bright as the Crab Nebula. By December it had declined to 1/10 of its original brightness.
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The identification of the pulsar in the Crab Nebula with a neutron star is based upon two points. First, the energy loss rate of the nebula is equal to the rotational energy loss of the neutron star when the change in pulse period is taken as the change in the rotation period of the neutron star.
_48
Second, the pulse period is too short to be produced by a white dwarf. The energy loss rate in the Crab Nebula is ~ 10 38 erg/sec, very similar to that of the galactic X-ray sources. In the pulsed mode, the ratio of the luminosities for the Crab pulsar is X-ray/optical ~ 100/1, X-ray/radio ~ 10 s /l. 49 The ratio of pulsed to total luminosity is optical ~ 10" 3 , 1-10Kev~0.1, 40Kev~ 0.02, 600Kev~ 1.0. In the Crab Nebula, we observe the magnetic and coulomb bremsstrahlung radiation of electrons that have been accelerated by the poloidal magnetic field of the rotating neutron star. The motion of the field and particles is organized causing the radiation to be concentrated in preferred directions which sweep around with the rotation period of the neutron star, and produce a flash or pulse as the direction of the radiation momentarily lines up with the observer. 50 ' 51 From the pulsar period we can set a limit on the density of the rotating star. The gravitational force at the equator must be greater than the centrifugal force, WithM = ^ irpR 3 and v = 2nR/P in equation 21, we obtain i > > ( M ) * = l2sec
(jp for p ~ 10 6 gm/cm 3 , the density of a white dwarf. The other two X-ray pulsars, Cen X-3 and Her X-l have periods of 5s and Is respectively. Thus, their densities must be greater than what can be supported by degenerate electrons, since their periods are less than 12 sec, and we expect that these are neutron stars rather than magnetic white dwarfs. Note that a black hole can not have a magnetic field, although it can rotate and have a net charge.
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Accretion by a Collapsed Object
Infalling matter can heat the photosphere of a white dwarf or neutron star and produce X-rays. In the case of a black hole, X-rays can be produced by collisions of the infalling matter with matter already in orbit about the black hole. A falling particle acquires an energy
corresponding to a temperature
Here m H is the mass of the hydrogen atom, and the constant is calculated for M and R in terms of the solar mass and radius. We see from equation 22 that the temperatures required for X-ray production are easily obtained from even an ordinary star. In order for the X-rays to escape, the corona must be thin. Otherwise the X-rays will be degraded and be emitted finally as ultraviolet or even infrared radiation. Let us estimate the amount of material in the corona for a source of L ~ 10 38 ergs/sec, a luminosity that is typical of the galactic X-ray sources. Following Cameron and Mock, 52 we take, so that
for the infalling material. The luminosity is equal to the rate at which energy is delivered by the infalling material, Take the scale height to be ~R. Then the absorbing mass/ cm 2 in the corona is ~ pR,
Here Z 38 is the luminosity in units of 10 38 ergs/sec. For a white dwarf, R ~ 10" 2 R s and pR ~ 100 gm/cm 2 . For a neutron star, R ~ 10"
5 R e and pR~2 gm/cm 2 . Thus for white dwarf, the infalling material required to supply the Xray luminosity would prevent the X-rays from escaping directly, and they would be degraded. The problem is less severe for the neutron star.
Zeldovich and Novikov 53 discuss the expected radiation from a single neutron star or white dwarf alone in the interstellar medium. They show that the inflow is supersonic near the object, and point out that the observed radiation is a Superposition of radiation from a bremsstrahlung source where the braking of the infalling matter occurs, and a comparatively cold inner region. The neutron star radiates most of its energy in the ultraviolet, and the white dwarf radiates in the infrared. The corresponding luminosities are L N S ~ 10 30 ergs/sec, L W D ~ 10 28 ergs/sec. An analysis of the radiation of a single black hole in the interstellar medium by Shapiro 54 shows that it emits a bremsstrahlung spectrum with T~ 10 9 K atZ, ~ 10 25 ergs/sec. Novikov and Thorne 55 considered the interstellar magnetic field in their analysis of a black hole in the interstellar medium, and found L ~ 10 29 ergs/sec from synchrotron radiation peaked at 4000A. Such an object would have a spectrum very like a continuous spectrum white dwarf. The spectrum and luminosity from a collapsed object in the interstellar medium do not appear to account for the galactic X-ray sources. The situation is quite different when the collapsed object is in a binary system, where a large amount of infalling material can be supplied by the other star. There is, of course an upper limited to the luminosity that can be produced. The gravitational attraction on the infalling material must be greater than the radiation pressure/ (27) where L/c is the momentum transferred to the surface AuR 2 and a e is the cross section for electron scattering. Thus from equation 27 we obtain.
It is interesting that the mechanism for producing this luminosity is self regulating in that if the luminosity goes above the limit, no more material can fall in and the luminosity drops. If the luminosity is much below the limit, more material can fall in, increasing the luminosity. The luminosities of the identified galactic X-ray sources are very near this limit.
The collapsed object in a binary system receives matter from its companion through the Lagrange point on the equipotential surface (critical Roche lobe) between it and its companion. A disk is formed around the collapsed object. Viscosity forces in the disk transfer energy and angular momentum from the centre, to the outer edge allowing the matter to spiral into the object. Radiation is given off by the disk, with the X-rays being emitted from the hot central region. Accretion disk models are discussed by Novikov and Thorne 55 and by Pringle and Rees. 57 At luminosities of 10 37 to 10 38 ergs/sec the radiation is peaked at 2-3 Kev with a cut off in the range 5-60 Kev for a neutron star or black hole. This is very similar to the X-ray spectra of the X-ray binaries. For a white dwarf, the peak would fall in the 0.1 to 0.2 Kev range.
Supersonic accretion of a neutron star in a stellar wind is discussed by Davidson and Ostriker. 58 They point out that the X-ray flux from the X-ray pulsars in binary systems, Cen X-3 and Her X-1, is too large to be supplied by the rotational energy of the neutron star without causing a noticeable decrease in the pulse rate. Brecher and Morrison 59 point out that both Cen X-3 and Her X-1 are speeding up. This is consistent with the idea that the energy and angular momentum of the infalling material are the source maintaining the X-ray production in X-ray binaries. The mechanism is self regulating, as the rotation rate adjusts itself so that the magnetic field allows material to fall onto the neutron star. At high rotation rates, the magnetic field prevents accretion but continues to transfer rotational energy away from the neutron star. The star then slows down until more matter can fall in.
About 10' 8 M s /yr is needed for a luminosity of 10 38 ergs/sec, and 10" 6 M e /yr would be lost in the stellar wind from the primary. The dispersion measure would be 10 4 pc/ cm 3 making radio pulses very difficult to detect. In summary, we see that the luminosity is determined by the accretion rate, and the radius where the falling matter is stopped. The temperature depends upon the radius where the matter is stopped and the transport mechansims required to get the radiation out through the infalling matter. We expect that the radiation cannot emerge as X-rays from white dwarfs, but that a more collapsed object such as a neutron star or black hole is required. DQ Her is a good example of a white dwarf that is similar to the galactic Xray binaries, but is not an X-ray source. DQ Her has an accretion disk around it, 60 and it pulsates with a 71 sec period.
61 Its orbital period of 4M. hours is changing indicating a mass loss from the system of 7 x 10" 8 MJyr.
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In the case of the neutron star, the X-rays are expected to come from the surface of the star and from the accretion disk. In the case of the black hole, the X-rays come from the accretion disk alone. This model is capable of explaining the X-ray spectrum and the luminosity of galactic X-ray sources.
Observations and Interpretations
The observations are summarized in Table 1 . The eclipsing binary pulsars Her X-1 and Cen X-3 are most likely neutron stars, while the eclipsing binary sources 2U0900-40 and 2U1700-37 along with the binary source Cyg X-1 are most ergs/sec binary period = 3.9d
Optical Binary
Cyg X-l Sp = 09.7 lab M ~ 5 M Q L ~ 10 37 ergs binary period = 5.6d radio emission detected
Others
Sco X-l old nova? emission line spectrum radio emission detected L ~ 10 37 ergs/sec? Cyg X-2 old nova? emission line and late type absorption spectrum radio emission detected L ~ 10 35 -10 36 ergs/sec Crab Nebula Pulsar optical, radio, X-ray pulsar old supernova L ~ 10 38 ergs/sec likely black holes. The mass for Her X-l, derived from optical radial velocities of the primary and radial velocities from the pulse delay times for the secondary is 1.3 M @ .
31
This becomes the current observed upper limit for the mass of a neutron star. The masses of the black hole sources are all more than twice this. No radial velocity changes have been detected for SMC X-l, an eclipsing binary in the Small Magellanic Cloud. Thus, the mass of the X-ray source is < 1.5 M @ . We cannot say if this is a neutron star or black hole.
The nature of Sco X-l, the brightest extra-solar X-ray source is not clear. It may be in a binary system. Sco X-l shows flares and rapid flickering characteristics of old novae. Cyg X-2 is similar to Sco X-l.
In summary, the galactic X-ray sources may all be collapsed objects, with most of them members of binary star systems. 
